Decreased expression of angiotensin-
converting enzyme in the airway
epithelium of asthmatic subjects is
associated with eosinophil inflammation
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Background: Angiotensin-converting enzyme (ACE) is a pepti-
dase involved in the metabolism of several bioactive peptides.
It may be involved in the airway inflammation and hyperre-
sponsiveness that occur in asthma.

Objective: We studied the expression of ACE in the airway
mucosa of normal and asthmatic subjects and assessed the
relationship between ACE expression and airway inflamma-
tion and bronchial hyperresponsiveness in asthma.

Methods: We used immunohistochemistry to study the ACE
expression and airway inflammation in bronchial biopsy sam-
ples obtained by fiberoptic bronchoscopy from 20 asthmatic
subjects randomly assigned to groups treated with (n = 10) or
without inhaled corticosteroids (n = 10) and from normal sub-
jects (n = 10). Airway response to methacholine and
bradykinin was also determined for all subjects.

Results: In normal subjects ACE was present in the surface
epithelium, the endothelial cells of the lamina propria, and the
submucosal glands, in which ACE was found in seromucous
cells and in secreted mucus. ACE was not detected in smooth
muscle cells and in most of the endothelial cells of the vascular
network surrounding the glands. ACE was absent or present at
lower levels in the surface epithelium of asthmatic subjects not
treated with corticosteroids compared with those treated with
corticosteroids and the control group. In asthmatic subjects
low levels of ACE in the epithelium were associated with larger
numbers of eosinophils in the epithelium and lamina propria.
There was no relationship between ACE levels in the airway
mucosa and airway responsiveness to methacholine and
bradykinin.

Conclusion: ACE expression is decreased in the epithelium of
asthmatic patients and is associated with increased eosinophil
inflammation. (J Allergy Clin Immunol 1999;104:402-10.)
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Abbreviations used
ACE: Angiotensin-converting enzyme
APAAP: Alkaline phosphatase antialkaline phosphatase
BAL: Bronchoalveolar lavage
BM: Basement membrane
LP: Lamina propria
PD;s: Dose of agonist that reduces FRY 15%
aSM actin: a-Smooth muscle actin

involving eosinophild. Several studies have suggested that
proinflammatory peptides, such as kinins and neuropep-
tides, may be involved in generating the chronic inflamma-
tion and airway narrowing that occur in asthia.
Angiotensin-converting enzyme (ACE; also called ki-
ninase I, peptidy! dipeptidase A, EC 3.4.15.1) is a mem-
brane-bound peptidase present in several types of epithe-
lial and endothelial cellsSACE is present in the lungs and
airways in humangput its precise location within human
airways is unknown. ACE acts as a C-terminal peptidyl
dipeptidase and as an endopeptidase, converting the inac-
tive angiotensin | into the active angiotensin Il. It also
inactivates a wide range of peptides, including kinins and
substance 6 2 types of proinflammatory peptides that
are endogenously produced in asthma both in basal con-
ditions and after antigen exposur@.Therefore by
degrading tachykinins, kinins, and other bioactive pep-
tides, ACE may play a key role in the mechanisms limit-
ing the proinflammatory effects of these peptides in the
airway. We have shown that ACE regulates the effects of
substance P in the nasal mucosa of patients with allergic

Asthma is typified by bronchial hyperresponsiveness ancrhinitis but not in that of normal subjeéfA recent study
chronic inflammation of the airway mucosa predominantlyhas shown that patients with asthma have a higher preva-

lence of the DD ACE genotype, which is associated with
higher plasma concentrations of AGEHowever, no
association was found between polymorphism of the ACE
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ly membrane bound, and therefore ACE present in airway
tissue is probably physiologically more relevant than cir-
culating ACE for the metabolism of peptides released in
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mucosa in humans and its potential role in asthma are
unknown.

The aim of this study was to compare the distribution
of ACE in the airways of normal and asthmatic subjects.
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We also investigated the relationship between ACEbradykinin was used in all analyses because it corresponded to the
expression in airways and the magnitude of airwaymaximal bronchoconstrictor effect of this agonist in our subjects
inflammation and airway hyperresponsiveness to 2 ago-a”d in oth(_er s_tudie]sﬁ If a bronchocqnstrictor response occurred,
nists, methacholine and bradykinin, the bronchoconstric-forCEd expiration was repeated until 2 reproducible values {FEV

. o within 5%) were obtained. Challenges were stopped when FEV
tor effects of which are specific to asthifa. was at least 20% lower than the postdiluent value or when the high-

est dose was reached.

METHODS

Subjects Bronchoscopy

. . . Fiberoptic bronchoscopy was performed, as previously
Twenty_ nonsmokers with mﬂql-to-moderqte perenmal_asthm.adescribed’4 with an Olympus BF1T20D bronchoscope (Olympus,
were studied. They met the American Thoracic Society’s dlagnostlc.l.okyo Japan). Bronchoalveolar lavage (BAL) was performed after
o 3 . ; ) .
criteria for gsthrsé. hBelzfore e”rf’”me”t |ndth§ studdy, all paélerr:ts careful wedging of the bronchoscope tip into the internal segmental
were.treate with In a_leﬂz-agonlst as neeced, an t\_/vo used theo- panch of the middle lobe bronchus. Endobronchial biopsy speci-
phylline regularly. With the exception of one patient who had mens were taken after completion of BAL from the third bifurca-
received low doses of inhaled corticosteroids, no subjects Wer€; - and subcarinae in the left lower lobe with FB-24K or EB-37K
treated with corticosteroids for at least 1 month before inclusionforceps (Olympus). Biopsy specimens were gently extracted from

i:tohthe _stud)t/),‘ and all patlen(;s Wlere clllnlcagly stable ?t inclusion. the forceps and immediately fixed in Bouin’s fluid and/or frozen in
sthmatic subjects were randomly assigned to one of two groupsquuid nitrogen and stored at —80°C.

the first treated with inhalefl,-agonists only if required (n = 10)
and the second treated with inhalggagonists as required and  Apalysis of inflammatory cells in BAL fluid
inhaled flunisolide (100Qug twice a day through a 750-mL spacer

device) for 4 to 8 weeks (n = 10). Nonsmoking, nonasthmatic

. . . ume was measured. Cells were sedimented by cytocentrifugation
healthy subjects who were free of atopy were included in the study . - ) o - . I
} _ } . onto slides and stained with a modified Wright-Giemsa stain; dif-
as control subjects (n = 10). None of the subjects had a respirator,

infection for at least 6 weeks before or during the study or a histo-.ferentlals for cell counts were made by light microscopy. For each

ry of occupational exposure to sensitizers. The study conformed t(lnlelduaI sample, 1000 cells chosen at random were analyzed.

the Declaration of Helsinki, and it was approved by the Ethical Morphometric analysis of bronchial biopsy
Committee of Cochin-Port-Royal University Hospital. Written

BAL fluid was shaken gently to resuspend the cells, and the vol-

) i ) specimens
informed consent was given by all subjects.

For each subject, 2 or 3 bronchial biopsy specimens were fixed
Study design in Bouin's fluid, embedded in paraffin, and cut intqué thick sec-

At the preinclusion visit, each subject was interviewed and tions. The sections were stained with hematoxylin eosin or Luna’s
underwent chest radiography, electrocardiography, spirometry, anc'®@gent, which is specific for eosinophifsi® Observer bias was
skin prick tests for allergies to common airborne allerg@res-( prevented by coding of the slides, which were examined without
matophagoides pteronyssinisfarinag mixed grass pollen, mixed prior knowledge of the state of the individual subject. Bronchial
tree pollen, mixed weed pollen, cat fur, and dog hair). Skin prick Mucosa were assessed_ by integ‘ral analysis with a light micrpscope
tests were performed, and atopy was defined as previously(l-e'tz Aristoplan; Rueil-Malmaison, France). A computerized
describedi# After inclusion, methacholine challenge, fiberoptic Maging system (Morphostar 4.01 video analysis software; Instar,
bronchoscopy, and bradykinin challenge were successively per_Paris, France) was used to eva_lugte \{arious histologic fgatu_res: 1)
formed in all subjects. Bradykinin challenge was performed after the extent of inflammatory cell infiltration, (2) subepithelial fibro-
bronchoscopy to prevent inflammatory changes in the airwaySiSv and (3) the shedding of the epithelium. The lamina propria (LP)
mucosa caused by this peptide. Bronchoscopy was performed nWas arbitrarily taken to be a zongm beneath thg reticular pasg—
more than 2 days after methacholine challenge and at least 5 dayment membrane (BM). Intact epithelium was defined as epithelium
before bradykinin challenge. Methacholine and bradykinin chal- With both basal and columnar cells. Shedding of the airway epithe-
lenges were performed 6 to 13 days apart. Treatment was continue/lum was expressed as the percentage of the length of BM in the

on study days, and patients received no other anti-asthma drugs. section covered by intact epithelium (millimeters of intact epitheli-
um/millimeters of BMx 100).

Bronchial challenges Assessment of inflammatory cell infiltratésiltration by lym-
Bronchial challenges were performed according to standard rec‘phocytes _apd eosinophils was expr(_asse_d as the numb_er of cells per

ommendations at similar times of day and according to a previous-square millimeter of LP and the eplthellum'. Neutrophl.ls were not

ly described protocd# Briefly, aerosols were generated in a dis- counted because they were rare or abseqt In our specimens.

posable Minineb 5610 DeVilbiss nebulizer (Somerset, Pa) by means Assessment O_f thg th|c_knes§ of subepithelial f'bm—bs'thwki

of a breath-activated dosimeter (FDC 88, Médipron, Paris, France)'€SS ©0f subepithelial fibrosis was assessed, as previously

under a pressure of 1.5 bar; the nebulization time was 0.6 second:descr'becl'7 The_ distance f'tom the bgse of the bronchial eplthe_llum

Airway responses were assessed by measurement gfiEVan to the oute_r limit of the reticular lamina of the BM was determined

automated flowmeter (Autospiro AS500, Minato, Osaka, Japan).at 200um intervals along the length of each section. The result was

The subjects were challenged with diluent (0.9% NaCl or PBS forexpressed as the mean of 10 measurements per section.

methacholine and bradykinin, respectively). Cumulative doubling . . - .

doses from 40 to 5080y (0.2 to 26.qumol) for methacholine and  IMMunohistochemical detection of ACE in

8 to 1016pg (0.008 to 0.958mol) for bradykinin were adminis- bronchial biopsy specimens

tered immediately thereafter. At least 2 satisfactory spirograms were  Freshly obtained bronchial biopsy specimens were embedded in

obtained 2 minutes after each dose of methacholine. For bradykininTissue-Tek OCT compound (Miles Inc), frozen in isopentane pre-

spirometric responses were recorded 1, 3, and 5 minutes after eaccooled in liquid nitrogen, and stored at —80° C. Cryostat sections (6-

dose. The bronchial response obtained 3 minutes after each dose um thick) were cut from the cryopreserved tissue blocks and fixed
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TABLE I. Characteristics of subjects

Asthmatic subjects treated Asthmatic subjects

without corticosteroids treated with corticosteroids Normal subjects
Sex (M/F) 713 8/2 5/5
Age (y) 33.8+45 30.8 £3.3 26.3+2.0
Duration of asthma (y) 146 +2.3 122+25 —
Atopy (n) 9 9 0
FEV, (% predicted) 92.2+45 89.2+4.1 101.3 +3.6
PD;sFEV; methacholinel(mol) 0.78 (0.12-13.78) 0.98 (0.05-16.68) NR
PD;sFEV, bradykinin (tmol) 0.073 (0.003-0.873) 0.144 (0.008-0.815) NR

Results are given as geometric medians (range) or as means + SEM.
NR, Not reactive.

in acetone for 10 minutes. Two primary antibodies recognizingimmunolabeling of the epithelium was scored and defined as low
human ACE were used: the mouse mAb 9B9 (kindly provided by Dr(scores 0 and 0.5), intermediate (scores 1 and 1.5), or high (score
S. M. Danilov}®8 and the rabbit polyclonal antibody CLO (kindly >2). To avoid any possible mistake because of damaged or reduced
provided by Dr F. Alhenc-Gela$j.Nonspecific binding sites were epithelium in asthmatic subjects, we have assessed the score of ACE
blocked with a 1:20 (vol/vol) dilution of normal rabbit serum labeling only in intact epithelium in all subjects. For technical rea-
(X902; DAKO, Glostrup, Denmark) or normal mouse serum (X910; sons, scoring of ACE immunoreactivity in the surface of epithelium
DAKO). Sections were then incubated with primary antibodieswas performed in 9 of 10 control subjects and 17 of 20 patients with
raised in mice or rabbits, respectively. Incubation with the rabbitasthma (8 with and 9 without inhaled corticosteroids).
polyclonal primary antibody CLO was followed by a 30-minute .
incubation with mouse anti-rabbit monoclonal mouse antibodyData analysis
(M737; DAKO). For each subject, serial sections were incubatec FEV, is expressed as a percentage of predicted values. Bronchial
overnight at 4°C with appropriate dilutions of primary antibody. responses to agonists are expressed as the cumulative dose causing a
Parallel sections were used as negative controls, and for these se15% decrease in FEMrom the postdiluent value (RE). This was
tions, the primary antibody was replaced by the same concentratioderived by linear interpolation from the dose-response curve, accord-
of an isotype-matched antibody (DAK-GO1, X931; DAKO). Anti- ing to previously defined guidelin8.If the maximal decrease in
bodies were diluted in Tris-buffered saline (pH 7.6) containing 1%FEV, was less than 15% after the last dose of the agonist was given,
BSA. Sections were washed in Tris-buffered saline, and antibodythe subject was considered to be not reactive to that agonigf. PD
binding was detected by alkaline phosphatase antialkaline phoswas used in our study because the maximum decrease WSV
phatase (APAAP) technique (Universal APAAP Kit for mouse pri- less than 20% for bradykinin challenge in 6 asthmatic subjects.
mary antibody, K670; DAKO) or the avidin-biotin complex (Vec-  Group data are expressed as the median (range) for differential
tastain Elite ABC kit; Vector, Burlingame, Calif) methods. Fast red cell counts in the BAL fluid and for biopsy findings because these
or diaminobenzidine with hydrogen peroxide, respectively, werevariables could not be demonstrated to have a normal distribution.
used as enzyme substrates. Sections were counterstained WiFor subjects responsive to agonist challenges, methacholine and
hematoxylin and mounted. Cryostat sections of human luncbradykinin PQs values are expressed as the geometric mean
parenchyma were used as positive tissue controls for the primar(range) because these variables are known to have a log-normal
antibodies. Coded sections of the bronchial mucosa were assessdistribution. All other variables are expressed as means + 1 SEM.
by 2 investigators with no prior knowledge of subject status. Nonparametric tests were used for variables involving BAL or
Assessment of the distribution of AQB.determine the pheno- biopsy data. For these variables, comparisons between groups
type of cells expressing ACE, we compared the distribution of thiswere made by using the Kruskal-Wallis test, &hdalues were
peptidase to that of other markers. Thus other serial sections wecorrected for ties. For the other variables, groups were compared
stained with the mouse mAb JC/70A against the human endothelidoy ANOVA or unpaired Studertttests as appropriate. Nonpara-
cell marker, the CD31 antigen (M 823; DAKO); the mouse mAb metric and parametric post hoc comparisons (pairwise differ-
MNF116 against human cytokeratin (M 821; DAKO); the mouse ences) were made as required by using a Tukey-type multiple
mAb 1A4 against humaao-smooth muscle actim@M actin, M comparison test or Scheffé’s multiple contrast test, respectively.
851; DAKO); and the mouse mAb against human vimentin (M 725;Probability (P) values of .05 or less were considered to be statis-
DAKO), a marker of cells of mesenchymal origin. Endothelial, tically significant.
epithelial, and smooth muscle cells were identified by signals with
antibodies against CD31, cytokeratin, arfM actin, respectively. RESULTS
Spindle-shaped cells in t.he LP, which gavea signal for vimentin b“CIinicaI characteristics of subjects
not for CD31 oraSM actin, were classified as fibroblasts. Myoep-
ithelial cells were identified by immunohistochemistry, morpholo-  The clinical characteristics of the 30 subjects studied
gy, and location. Myoepithelial cells in the seromucous glands werggre shown in Table |I. Groups did not differ significantly
identified‘ as spindle-shaped cells containing both cytokeratip ar?‘regarding the age of the subjects or Elﬁ#inclusion.
(xS”I\/I acctilnhlocBa,\tAed between the basal edge of secretory eplthethOst subjects with asthma were atopic (9 subjects in
cells and the BM. each group). Normal subjects did not react to metha-

Assessment of the degree of ACE immunoreactiVigy.degree holi bradvkini h f th h .
(intensity and pattern) of ACE immunoreactivity in sections stainedC10!IN€ Or Dbradykinin, whereas most ot the asthmatic

with the 9B9 mAb was assessed by 2 researchers using a senPatients reacted to both agonists. Methacholine and

quantitative scoring system (0 = none, 1 = weak, 2 = moderate, andradykinin PQg V§1|UeS_ did not differ between the 2
3 = strong), and a mean score was calculated for each subject. ACQroups of asthmatic patients.
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TABLE II. BAL cytology

Asthmatic subjects Asthmatic subjects treated
Normal subjects treated with corticosteroids without corticosteroids
Eosinophils (%) 0.1 (0.0-1.0) 0.4 (0.0-21.2) 1.0 (0.0°6.4)
Neutrophils (%) 1.8 (0.0-2.2) 1.6 (0.1-3.9) 1.4 (1.0-13.6)
Lymphocytes (%) 8.9 (4.0-20.6) 10.5 (2.0-31.0) 9.2 (3.9-28.9)
Macrophages (%) 89.3 (77.1-96.0) 83.4 (64.0-96.0) 85.5 (67.7-95.0)
Results are given as median (range).
*P < .05 for comparison with normal subjects.
TABLE lll. Bronchial biopsy
Asthmatic subjects Asthmatic subjects treated
Normal subjects treated with corticosteroids without corticosteroids
Thickness of subepithelial fibrosigr) 4.7 (3.2-9.5) 6.3 (4.3-10.3) 7.6 (6.9-12.7)
BM covered by epithelium (%) 45.7 (6.4-92.0) 34.8 (5.3-66.7) 18.0 (0.0%57.4)
Eosinophils in epithelium and LP (cells/Am 0.0 (0.0-43.3) 1.5 (0.0-12.4) 28.5 (0.0-1337.9)
Lymphocytes in epithelium and LP (cells/dm 556 (194-1306) 389 (194-2944) 1583 (278-3111)
Results are given as median (range).
*P < .05 for comparison with normal subjects.
TP < .05 for comparison with asthmatic subjects treated with corticosteroids.
Evaluation of inflammation in BAL fluid and cosal glands (Fig B). In the submucosal glands ACE was
in bronchial biopsy specimens present in serous and mucous epithelial cells (FBy and

was also detected in the secreted material within the acini

The data for differential inflammatory cell counts in (Fig 1,C). ACE was also detected in endothelial cells. In
BAL fluid are shown in Table Il. The percentage of particular, a large amount of ACE was expressed by
eosinophils in BAL fluid was higher in asthmatic patients CD31-positive endothelial cells of the subepithelial
not treated with corticosteroids than in normal subjectscapillovenular plexus beneath the BM (FigAl, In the
(P < .03), whereas the percentages of eosinophils in norsubmucosa ACE was detected in all the endothelial cells of
mal subjects and asthmatic patients treated with corticothe vessels surrounding tl&SM actin—positive smooth
steroids were similar. muscle cells (not shown). In contrast, ACE was rarely

The results of the morphometric analysis are shown irdetected in the endothelial cells of the vascular network
Table 1ll. There were no differences between asthmaticsurrounding the acini of the submucosal glands, regardless
subjects taking and not taking corticosteroids and normaof the caliber of the vessel. ACE was not detected in the
subjects in the total length of epithelium (8.51 + 1.06,BM (Fig 1, A), smooth muscle cells, or fibroblasts. The
6.49 £ 1.17, and 7.90 = 1.26 mm of epithelium, respec-intensity of ACE staining was generally higher in endothe-
tively) and total area of bronchial mucosa (0.18 + 0.04lial cells than in epithelial cells.
0.16 + 0.03, and 0.21 + 0.05 mnTespectively) exam- Control subjects with an irrelevant isotype-matched
ined. Asthmatic subjects not treated with corticosteroidsmAb were negative in each case.
had more eosinophils and lymphocytes in the surface ACE distribution in asthmatic subjectBhe amount of
epithelium and LP than did asthmatic subjects treate(ACE in surface epithelial cells was lower in asthmatic sub-
with corticosteroids and normal subjed®s<{.05 in both  jects not treated with corticosteroids (Fig 2) than in normal
cases). Shedding of the airway epithelium was moresubjects (Fig 1A). ACE-labeling scores for the epithelium
extensive in asthmatic subjects not treated with corticowere similar for the 2 investigators (Wilcoxon paired com-
steroids than in normal subjecB< .05) but occurred to  parisonP >.99). Thus in sections containing airway epithe-
a similar extent in the 2 groups of asthmatic subjectslium, the intensity of immunostaining for ACE was lower in
There was a thicker layer of subepithelial fibrosis in bothasthmatic patients not treated with inhaled corticosteroids
groups of asthmatic subjects than in normal subjécts ( than in patients treated with inhaled corticosteroids and nor-
.05 in each case), but the extent of subepithelial fibrosiimal subjects (each compariséhs .01; Fig 3). ACE stain-
was similar for the 2 groups of asthmatic subjects. ing in parts of the airway mucosa other than the epithelium

. . . . was similar for asthmatic and normal subjects.
Immunohistochemical analysis of ACE in )

bronchial biopsy specimens Relationship between ACE expression in the

Distribution of ACE in normal subject3he distribu-  Pithelium and airway inflammation and
tion of ACE as detected by immunostaining was similar inbronchial responsiveness in asthmatic subjects
sections stained with 9B9 and CLO antibodies. In the The number of eosinophils in the epithelium and LP
bronchial wall ACE was present in both the surface epithediffered significantly among patients with low, interme-
lial cells (Fig 1,A) and the epithelial cells of the submu- diate, or high scores for ACE in the epitheliubh<(.05;
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FIG 1. Photomicrographs showing the distribution of ACE in human endobronchial biopsy samples obtained
by fiberoptic bronchoscopy in control subjects. ACE is stained by a pink-red color. A, High magnification of
bronchial mucosa stained with ACE mAb (9B9). Surface epithelium is labeled (arrowheads), as are the
endothelial cells of the LP capillaries (arrows). B, Immunohistochemical detection of ACE in the submucosal
gland area. The epithelial glandular cells are labeled (arrowheads), whereas the connective tissue surround-
ing the glands is not. This is particularly true for the endothelial cells (arrows). C, Same as B, with ACE (red
signal) present in both glandular epithelial cells (arrowheads) and intraluminal secretions. All samples were
evaluated by immunohistochemistry by using the APAAP technique and hematoxylin counterstaining (all
panels, original magnification x400).
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FIG 2. ACE detected by immunochemistry in an endobronchial biopsy sample from an asthmatic patient not
treated with corticosteroids. A, In contrast to control subjects, there is little expression of ACE in the surface
epithelium (thin arrowheads) and larger amounts in the endothelial cells beneath the BM (arrows) and sub-
mucosal glands (arrowheads). B, Same as A, with higher magnification of the ACE-negative surface epitheli-
um (arrowheads) contrasting with the ACE-positive LP endothelial cells (arrows). C, Same as A, with higher
maghnification of the submucosal gland area. ACE (red signal) was detected in both epithelial gland cells and
intraluminal secretions (arrowheads). All samples were evaluated by immunohistochemistry by using the
APAAP technique and hematoxylin counterstaining (A, original magnification x180; B and C, original magni-
fication x400).
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FIG 3. Intensity of immunostaining for ACE with ACE mAb (9B9) (o)
in the surface epithelium of normal subjects and asthmatic sub- 0o 22% %) [ess=]
jects treated or not treated with inhaled corticosteroids. ACE _ )
labeling was scored 0 to 3 by histologic assessment on a semi- Low Intermediate High
quantitative scale. *P < .05 for comparisons between asthmatic . h . ithelium
patients not treated with inhaled corticosteroids and the 2 other ACE Labeling score for the surface epitheli
groups.

FIG 4. Relationship between the number of eosinophils in the
epithelium and LP and ACE-labeling score in the surface epitheli-

. . . . ._rum of asthmatic subjects. ACE-immunolabeling score was classi-
Flg 4)' The number of EOSInOthS in the bronChlaI,fied as low (score 0 or 0.5), intermediate (score 1 or 1.5), or high

mucosa decreased with increasing levels of ACE score l{score 2). Bars are the median numbers of eosinophils in each
the surface epithelium; eosinophil inflammation wasgroup of ACE scores. The number of eosinophils increased with
greatest in patients with low scores for ACE in the epithedecreasing ACE score in the surface epithelium (P < .05).
lium. There was no relationship between the intensity O.Eosino_phil infiltration was Iowist in patients with high ACE
ACE staining in the epithelium and the number of Iym-scores In the surface epithelium (* <.05).
phocytes in the airway mucosa, the extent of subepithe-
lial fibrosis, or BAL results.

No relationship was found between the ACE score foiseveral bioactive peptides in other cells or organs. Its
the epithelium and the RBP to methacholine and presence in the airways may have several important

bradykinin @ > .05 for each). physiologic implications. In epithelial cells ACE may
regulate the effects of endogenously produced kinins
DISCUSSION and tachykinins released from intraepithelial C-fiber

nerves?2 These nerves are present in high density in the

We demonstrated the presence of ACE in large airenvironment of the surface epitheligiTherefore ACE
ways of both normal and asthmatic subjects, with lowis probably involved in the regulation the proinflamma-
expression of ACE in the surface epithelium of asthmattory effects of the bioactive peptides that are released in
ic patients not treated with corticosteroids. In a previousesponse to various stimuli of the surface epithelium or
study investigating the distribution of ACE in the humanintraepithelial nerves, such as irritants. ACE in the sur-
lung, Johnson et afound that this peptidase was presentface epithelium may also regulate the cough reflex
mostly in endothelial cells. This study is the first to inves-caused by some peptides, including kirffi$he inhibi-
tigate the distribution of ACE in large airways in humantion of ACE in the airway epithelium may account for the
subjects and to provide evidence that it is present in aithigh frequency of coughing as an adverse effect of ACE
way epithelial cells. In the mucosa ACE was detected irinhibitor treatment in humar¥s.In airway endothelial
both the surface epithelium and the endothelial cells ocells ACE may be involved in the regulation of peptide-
the subepithelial capillovenular plexus beneath the BMinduced vasodilation and microvascular leakage. ACE
In the submucosa ACE was present mainly in the subwas also present in submucosal glands. These glands are
mucosal glands, in the seromucous cells, and in thhighly innervated by neuropeptide-containing net¥es
mucus secreted within the acini. ACE was also detecteand are the major source of tissue kallikrein, which is
in the endothelial cells of the bronchial vessels arounresponsible for the formation of kinins from plasma pre-
the smooth muscle but not in the vessels surrounding thcursors?:8 Thus ACE in epithelial gland cells may regu-
submucosal glands. late the mucus secretion induced by neuropeptides and

The physiologic function of ACE in normal human kinins at the site of release of these molec&fRACE
airways is unknown. However, ACE is known to degradewas present in the secreted mucus, suggesting that there
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is a soluble extracellular form of the peptidase, probablyment restores and maintains the levels of this protease in
originating from the seromucous cells of the submucosethe airway surface epithelial cells. This may be due to the
glands. Such a soluble, extracellular form of the pepti-anti-inflammatory effects of corticosteroids, reducing
dase has been described in other types of humaboth eosinophil number and activation and thereby
fluid.27.28 ACE may degrade peptide mediators or pep-reducing the deleterious effects of eosinophils on ACE.
tide constituents of the mucus in the glands or the airwaAlternatively, corticosteroids may directly stimulate the
lumen. Finally, ACE was not present in airway smoothsynthesis of ACE by epithelial cells, as was shown for
muscle, suggesting that this peptidase is not involved iother cells34 The influence of corticosteroids on the
the regulation of smooth muscle contraction in large airexpression of ACE by the surface epithelium in asthmat-
ways. ic subjects is to be put together with the demonstration,
ACE expression was reduced in the surface epitheliunin animals, that ACE regulates the inhibitory effects of
of asthmatic patients not treated with corticosteroidscorticosteroids on neurogenic inflammati®¢ These
Reduced or damaged epithelium in asthmatic patientfindings suggest that the interaction between ACE and
may affect the analysis of morphometric data. To avoiccorticosteroids may be one of the mechanisms through
this problem we have analyzed the intensity of ACEwhich this treatment is beneficial to patients with asthma.
labeling only in intact epithelium in all subjects. In addi- Asthmatic patients have an increased responsiveness
tion, we have examined a similar length of surfaceto bradykinin3 Although bradykinin is one of the princi-
epithelium and a similar surface area of mucosa in eacpal substrates of ACES our results do not support the
group of subjects. Therefore scoring of ACE labelinghypothesis that reduced levels of ACE in the surface
reflects the expression of the peptidase in the intacepithelium are responsible for the increased bronchocon-
epithelium and is not dependent on the amount of shecstrictor response to bradykinin in asthma. The direct
ding of the epithelium. Thus reduced or damaged epitheaction of bradykinin on the airway smooth muscle is
lium cannot account for the reduced ACE expressiorweak. Instead, bradykinin causes bronchoconstriction by
found in asthmatic subjects not treated with cortico-means of complex, indirect actions on vesSelgand
steroids. Using techniques that we have described earimucus secretiéii by means of cholinergic and peptider-
er29 we measured activity in homogenates of bronchiagic reflexes?4 This complexity of the mechanisms of
biopsy specimens from our subjects. We found no differresponses to bradykinin makes it very difficult to draw
ence in ACE activity between the groups of patients (datdefinitive conclusions about the lack of relationship
not shown). However, ACE is expressed in several differbetween ACE levels and response to bradykinin for our
ent cell types in the airway mucosa, some of which conpopulation of asthmatic subjects. Because we needed to
tain a high intensity of activity (eg, vessels). Thereforeperform fiberoptic bronchoscopies and bronchial chal-
measuring activity of ACE in the whole homogenate oflenges, it was necessary to study patients with mild, sta-
airway mucosa reflects the presence of ACE in all cellsble asthma. Thus even though we found a greater number
This makes it unlikely that differences in ACE activity of eosinophils and lymphocytes in patients not treated
will be detected in cells such as those in the surfacwith corticosteroids, pulmonary function test results
epithelium, where the relative contribution of the total were normal in asthmatic patients treated with and with-
ACE activity is much lower than that in other tissues,out corticosteroids, and no clinical differences existed
such as vessels. Low levels of ACE in the epitheliumbetween these 2 groups of patients. The selection of this
were associated with increased eosinophil inflammatiorgroup of patients with mild, stable asthma is likely to
of the airway mucosa. It is possible that eosinophils thaexplain the lack of correlation between ACE expression
have toxic oxidizing effects may be involved in the and clinical data. The relationship between ACE expres-
degradation of the peptidase in the epithelium. Alternasion and the severity of asthma needs to be addressed by
tively, low levels of ACE in the epithelium may limit designing another study that includes patients with vari-
degradation of a bioactive peptide with a chemotacticous asthma severities.
effect on eosinophils. Substance P is a possible candida Thus ACE is widely distributed in the airway mucosa
for this function because it is naturally produced in asthof large airways of normal subjects, particularly in the
ma and is known to stimulate the migration and activa:surface epithelium, submucosal gland cells, and secretory
tion of eosinophil$9-32Low levels of ACE in the surface material. The distribution of ACE is consistent with its
epithelium may have several other consequences, whicregulating the effects of tachykinins, kinins, and other
are difficult to evaluate fully because this peptidase actpeptide mediators locally produced in the airway mucosa.
on a large variety of peptides, some of which areACE expression is reduced in the surface epithelium of
unknown. asthmatic subjects not treated with inhaled cortico-
The reasons for the low expression of ACE in the sursteroids, whereas treatment with corticosteroids restores
face epithelium of asthmatic subjects not treated wittACE levels in the epithelium to those of normal subjects.
corticosteroids are unclear. ACE may be destroyed b'Low levels of expression of ACE in the airway epithelium
oxidants33 or epithelial cells may synthesize less of thisare associated with an increased eosinophil infiltration of
protease in such patients. ACE levels in the airwaythe airway mucosa. ACE is active against a large variety
epithelium were similar in normal and asthmatic subject:of peptides, some of which are unknown. Therefore low
treated with corticosteroids, suggesting that this treatlevels of ACE in the airway epithelium may have other
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major effects on the pathologic physiology of asthma inl9
addition to being associated with increased eosinophi

inflammation.

We thank Dr S. M. Danilov for providing us with the ACE anti-

body and for his comments and expertise in kinase |l research.
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